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Abstract Objective To study the audition and inner ear structure in a normal swine model. Methods
Auditory brainstem responses (ABRs) were determined in swine at 1 day and 1 month after birth. The
form of the cochlea and hair cells were examined under a scanning electron microscope and on cochle⁃
ar slices. Results ABR thresholds at 1 day and 1 month post-birth were between 40 and 50 dB SPL.
The latencies of waves I, III and V in 1 day old swine were 1.97 ± 0.13, 3.01± 0.16 and 4.26±0.20 ms, re⁃
spectively. At 1 month, the lantancies of waves I, III and V were 2.01 ± 0.05, 3.11±0.08 and 4.65 ± 0.14
ms, respectively, slightly longer than those at 1 day, although not statistically significant (p>0.05). The
swine cochlea was constituted of 3 and a half turns and the cochlear hair cells lined up in four rows.
Hair cell cilia in the apical turn were longer than those in other turns. Conclusions The swine cochlea is
mature at the time of birth. Swine ABR thresholds are slightly higher than humans and rats. Swine ap⁃
pears to be a precocial animal species.
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Introduction
Animal Models are fundamental tools for basic
biology and pathophysiology studies, and an im⁃
portant way leading to prevention and treatment
for human diseases. Established deafness animal
models are used to study pathogenesis and treat⁃
ments of deafness. At this time, the largest of
deafness models are rats and mice, but they can⁃
not completely meet the need of medical re⁃
search in many respects, including obvious differ⁃
ences between the rodent and human in anato⁃
my, evolutionary path, metabolic rate, etc ［1］,
which are exactly the advantages of a house pig
model.
The swine has been used as a major mammali⁃
an model to study human diseases because of
the similarity in size and physiology, organ devel⁃
opment and disease progression［2］. In addition,
swine is the species which has the closest evolu⁃
tionary relationships with humans among medical
experimental animals other than primates. A large
number of human genetic diseases in the skin,
hair and other systems can be found with homolo⁃
gous diseases in pigs. In addition, the physiologi⁃
cal and biochemical characteristics of the circula⁃
tory, digestive, nervous and other. systems in the
pig are similar to those in human. The metabolic
rate in pigs is also close to that in human. The
swine inner ear vestibule, cochlea and other or⁃
gans are especially similar to those in human,
compared to rats, mice and other rodents. The
pig genome evolution rate is more comparable
with the human than other animals. Therefore,
the pig is more suitable to be experimental ani⁃
mal models in the research of human genetic dis⁃
eases than mice［3］.
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At present, in the fields of auditory physiology
and cochlear developmental pathology, reports
on studies with swine models are rare. This is a
tremendous obstacle for using the swine as a
medical animal model to study hearing loss. It is
essential to obtaine detailed information on nor⁃
mal hearing and cochlear structures in the swine.
In this paper, we report results of a study on the
auditory function and cochlear morphology in pigs.
Materials and Methods
1 Animals
Rongchang pigs from Sichuan Province, China,
a unique local pig breed, were used in this study.
Care and use of the animals in this study were ap⁃
proved by the Chongqing Academy of Animal Sci⁃
ence. Animals were divided into 2 groups and
tested at 1 day after birth (p1, n=10) and 30 day
after birth (p30, n=10), respectively.
2 Auditory brainstem response (ABR) Measurement
Details of ABR measurements were provided
elsew-here ［4］. For ABR measurements, pigs
were anaesthetized with xylazine and ketamine.
Needle electrodes were inserted at vertex and
pinna. ABR were evoked with clicks. The re⁃
sponse was amplified, filtered, and averaged us⁃
ing the Intelligent Hearing System. Sound level
was raised in 5-dB steps. At each level, 1,024
sweeps were averaged. Threshold was deter⁃
mined by visual inspection. ABR wave latencies
were recorded at 100 dB SPL and compared be⁃
tween p1 and p30 animals.
3 Succinic Dehydrogenase(SDH) Histochemical
Staining and Scanning Electron Microscopy (SEM)
The swine cochlea was harvested on p1 and
p30 days. The cochleae were gently perfused
with 4% paraformaldehyde fixative in 10 mM
phosphate buffered saline(PBS) at pH 7.4 through
the cochlear tip. The temporal bone was im⁃
mersed in fixative overnight and rinsed in 10 mM
PBS twice. Cochleae were decalcified in 10%
EDTA solution overnight and then stored at 48 °C
for 1.5 days. After decalcification, the cochleae
was dehydrated in ethanol and propylene oxide,
then embedded in Araldite resins and sectioned
at 3 lM with a glass knife. Sections were mount⁃
ed in paramount on microscope slides, stained
with toluidine blue, and then coverslipped. After
light microscopic analysis, sections were floated
off slides and remounted for ultrathin sectioning.
SDH histochemical staining was processed as
previously described ［5］. For SEM, the cochlea
was fixed with 2.5% glutaraldehyde in 0.1 M sodi⁃
um cacodylate buffer(pH 7.4) containing 2 mM Ca⁃
Cl2, washed in PBS, then post-fixed for 15 min⁃
utes with 1% OsO4 in the same buffer and
washed again. The specimen was dehydrated in
an ethanol series, critical point dried from CO2 and
sputter-coated with gold. The specimen was
then examined using a Hitachi S-3700N scanning
electron microscope.
4 Statistical Analysis
Values are reported as mean ± SD. Differences
were compared by one-way analysis of vari⁃
ance(ANOVA). P < 0.05 was considered to indi⁃
cate statistical significance.
Results
Figure 1 shows ABR waveforms in normal
Rongchang pigs in response to click stimuli. Re⁃
sponse thresholds were between 40 and 50 dB
SPL and consistent with those reported by Strain
et al［6］and Hansen［7］.
Figure 1 ABR recordings from a p30 swine
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Figure 2 Inner ear of the swine. A: SEM image of the
cochlea. B: Semithin section of the modiolus.
Figure 3 SEM images showing hair bundles. A: Inner and outer hair cells from the basal turn. B: Inner and out⁃
er hair cells from the middle turn. C: Inner and outer hair cells from the apical turn
Figure 4 High-power images showing OHC and IHC
hair bundles. A-B: Hair bundles in the middle turn.
C-D: Hair bundles in the apical turn.
Table 1 ABR peak latencies (mean±SD) at
100 dB SPL
Peak
Ⅰ
Ⅲ
Ⅴ
p1
n=10
1.97 ± 0.13
3.01 ± 0.16
4.26 ± 0.20
p30
n=10
2.01 ± 0.05
3.11 ± 0.08
4.65 ± 0.14
Note: The latencies in p30 animals are longer than
those in p1 animals, but the difference is not statistical⁃
ly significant (P>0.05).
Latencies of Waves I, III and V were 1.97 ±
0.13, 3.01 ± 0.16 and 4.26 ± 0.20 ms in p1 ani⁃
mals and 2.01 ± 0.05, 3.11 ± 0.08 and 4.65 ±
0.14 ms in p30 animals, showing no statistically
significant difference (Table 1).
All animals showed three and a half turns in
their cochleae. The width of the basilar mem⁃
brane remained the same from basal to apical
turns.
Four rows of hair cells were seen along the en⁃
tire length of the cochlea, the innermost row to⁃
ward the center region of the cochlea being the
inner hair cells(IHCs) and the three rows toward
the peripheral region of the cochlea the outer hair
cells (OHCs). The OHC hair bundles were in a“V”
pattern in the basal and middle turns, and were
cylindrical in the apical turn, as shown in Figure 3.
High power SEM images showed that the
length of apical stereocilia was taller than that of
the basal and middle stereocilia and the hair bun⁃
dles were split into multiple clumps on the cell
surface (see Figure 4).
We found no difference in structural pheno⁃
types between p1 and p30 animals. No kinocilia
were seen at either age.
Discussion
Currently, the most widely used method for
evaluation of animal hearing is ABRs. This test
permits non-invasive assessment of animal hear⁃
ing, but its effective use requires the knowledge
of normative data and implications of postnatal de⁃
velopment for the particular species [8].
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Although some scholars have studied ABRs in
domestic pigs［9］, Vietnamese pot-bellied pigs［10］,
and Yucatan miniature pigs [11], the response
thresholds, latencies and amplitudes are variable
due to variability in strains and sizes. The purpose
of this study is to establish ABR and morphologi⁃
cal data for the Rongchang pig-a local pig breed
in Sichuan, China.
From Table 1, we can see that Wave I, Ⅲand V
latencies are similar at p1 and p30 days, indicat⁃
ing mature auditory function in these pigs at birth,
In contrast to rodents who are born 1-2 weeks
before hearing maturity, pigs belong to a preco⁃
cial species, similar to humans.
The slightly longer ABR peak latencies,in p30
pigs than in p1 pigs may be related with the in⁃
crease in skull and brain sizes. The variation in
size causes changes in ABR peak latencies and
amplitudes due to changes in distances from neu⁃
ral generator sites to the recording electrodes.
Figure 3, shows four rows of hair cells along the
whole length of the cochlea, again similar to
those in humans. The functional implications of
the hair bundle splitting into multiple clumps are
not clear. It is also unclear what may be the
cause of the slightly higher threshold to clicks in
these pigs than rodents. Apparently, further stud⁃
ies are needed.
In summary, in this study we have demonstrat⁃
ed mature auditory function in pigs at birth, con⁃
firming that the swine are a precocial species.
and described detailed morphological features of
the swine cochlea. Our work should help lay a
foundation for future studies on hearing in pigs.
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